Background: In a phase III trial, 3-weekly capecitabine (1250 mg/m 2 twice daily days 1-14) plus docetaxel (75 mg/m 2 day 1) demonstrated significantly superior overall survival to 3-weekly docetaxel (100 mg/m 2 day 1).
introduction
For patients with metastatic breast cancer pretreated with anthracyclines, taxane-based therapy has been the most frequent treatment of choice. Docetaxel is the only single agent that has demonstrated a survival benefit in this setting, having significantly prolonged overall survival (from 8.7 months to 11.4 months at the median) in a randomized comparison with mitomycin C and vinblastine [1] . Until recently, docetaxel was considered optimal therapy for this group of women.
Capecitabine (Xeloda Ò , F. Hoffmann-La Roche, Basel, Switzerland) is a highly effective oral fluoropyrimidine that generates 5-fluorouracil (5-FU) preferentially in tumor tissue through a three-step enzymatic process. The final step in the generation of 5-FU from capecitabine is catalyzed by thymidine phosphorylase, an enzyme expressed at up to five times higher concentrations in tumor compared with healthy tissue [2, 3] . In patients with metastatic breast cancer who have received both anthracycline and taxane therapy, singleagent capecitabine is now considered standard therapy, having shown consistently high efficacy in trials including a total of 730 patients [4] [5] [6] [7] [8] [9] .
A phase I study in patients with advanced solid tumors [10] established a 3-weekly dosing regimen of capecitabine 1250 mg/ m 2 twice daily, days 1-14, with docetaxel 75 mg/m 2 on day 1. This initial dose-finding study found these capecitabine and docetaxel doses to be tolerable. Indeed, there were no doselimiting toxicities at this dose level among six patients who received 23 cycles of the combination.
The recommended regimen from the phase I study was evaluated versus standard 3-weekly docetaxel monotherapy (100 mg/m 2 ) in a large, randomized, phase III trial in anthracycline-pretreated patients with metastatic breast cancer [11] . The study demonstrated that the combination was clearly superior to docetaxel in terms of efficacy. Capecitabine/ docetaxel resulted in significantly superior time to disease progression (hazard ratio 0.652, P = 0.0001; median 6.1 versus 4.2 months), overall survival (hazard ratio 0.775, P = 0.0126; median 14.5 versus 11.5 months) and objective tumor response rate (42% versus 30%, P = 0.006) compared with single-agent docetaxel. These improvements were achieved despite using a lower dose of docetaxel in the combination arm (75 mg/m 2 ) than in the single-agent docetaxel arm (100 mg/m 2 ). Because the combination of capecitabine and docetaxel improves survival compared with docetaxel monotherapy in anthracyclinepretreated patients, it represents a regulatory standard of care for anthracycline-pretreated patients and is being evaluated in patients with early breast cancer. This result was reinforced by the recent results of a phase II trial evaluating capecitabine/ docetaxel versus docetaxel followed by capecitabine at progression [12] . In this study, 74% of patients receiving singleagent docetaxel also received capecitabine in sequence (i.e. a true sequence versus combination study). This trial again demonstrated superior overall survival, time to progression and response rate for the capecitabine/docetaxel combination.
In the phase III trial, capecitabine/docetaxel combination therapy was associated with toxicities that were consistent with the known side-effects of the individual agents [11] . There was a higher incidence of gastrointestinal adverse events and hand-foot syndrome in the combination arm compared with the single-agent docetaxel arm, but a lower incidence of neutropenic fever, myalgia, arthralgia and pyrexia. A higher proportion of patients experienced grade 3 adverse events in the combination arm (71% versus 49% with docetaxel alone), predominantly due to the higher incidence of grade 3 hand-foot syndrome. However, grade 4 adverse events were more common in the single-agent arm (31% versus 25% with the combination), driven by a higher incidence of grade 4 neutropenia. Of note, the higher incidence of gastrointestinal events and hand-foot syndrome did not adversely affect quality of life for patients receiving combination therapy compared with those receiving docetaxel alone [13] . Premature withdrawal for adverse events or intercurrent illness was more common in the combination arm (26% versus 20% with docetaxel alone), but the incidence of treatment-related hospitalizations was similar in the two treatment arms (28% of patients in the combination arm and 26% in the single-agent arm) [11] . A subpopulation analysis by age revealed that patients ‡60 years of age were more likely to discontinue combination treatment than those aged <60 years. Overall, 31% of patients aged ‡60 years discontinued treatment during the first two cycles of treatment compared with only 17% of patients aged <60 years [11] . In the phase III trial of capecitabine/ docetaxel versus docetaxel, more patients receiving combination therapy had dose reduction of one or both agents for adverse events compared with the single-agent arm (65% and 35%, respectively). In the combination arm, the doses of both drugs were usually reduced (80% of the dose reductions) to 950 mg/m 2 and 55 mg/m 2 . The twice-daily administration of capecitabine provides numerous opportunities for management of adverse events through dose interruption and adjustment. Retrospective analyses have demonstrated that in patients receiving capecitabine monotherapy, dose modification is effective in managing adverse events [14] , with no apparent loss of efficacy [6] .
In the present report we provide a detailed review of the safety profile of the capecitabine/docetaxel combination arm of the study, analyzing the effect of dose reduction on tolerability and efficacy. The goal of these analyses was to optimize the dosing strategy and ensure that a broad patient population is able to safely benefit from the capecitabine/docetaxel combination.
patients and methods

patients and treatment
In this large phase III trial, previously reported by O'Shaughnessy et al. [11] , patients with relapsed breast cancer previously treated with an anthracycline were randomized to 3-weekly cycles of either: oral capecitabine 1250 mg/m 2 twice daily, on days 1-14 followed by a 7-day rest period, plus docetaxel 75 mg/m 2 as a 1-h intravenous infusion on day 1 (combination arm); or docetaxel 100 mg/m 2 as a 1-h infusion on day 1 (single-agent docetaxel arm).
The primary end point of the study was time to disease progression; secondary end points included overall response rate, overall survival and safety. Adverse events were recorded and graded according to National Cancer Institute of Canada common toxicity grading scale (revised 1991) throughout the study and for up to 28 days after the last administration of study drug. Hand-foot syndrome was graded 1 to 3, as defined in previous capecitabine clinical studies [4, 15] .
dose modification
Treatment was continued without interruption or dose reduction if patients experienced grade 1 adverse events or other adverse events considered not to be drug related or unlikely to become serious or life-threatening (e.g. alopecia). For all other treatment-related adverse events of grade 2 or higher, the dose modification scheme described by O'Shaughnessy et al. [11] was implemented. The dose of capecitabine was reduced by 25% to 950 mg/m 2 twice daily and the dose of docetaxel was reduced to 55 mg/m 2 .
assessment of impact of dose modification
All safety and efficacy data, and data on the incidence, timing and causes of dose modification (treatment interruption and/or dose reduction) were collected prospectively during the study. In addition, data on the doses of capecitabine and docetaxel administered at the start of each treatment cycle were collected. The overall incidence of grade 3/4 toxicities and the incidence of key grade 3/4 toxicities (diarrhea, stomatitis, hand-foot syndrome and neutropenic fever) were analyzed retrospectively in relation to the doses of capecitabine and docetaxel administered at the start of each cycle. The impact of early dose reduction on efficacy was retrospectively assessed by comparing Kaplan-Meier curves of time to disease progression and overall survival in two groups of patients: (i) those receiving reduced doses beginning in cycle 2 and (ii) those receiving the full starting doses of capecitabine and docetaxel for at least the first four cycles of therapy. These two groups of patients were chosen because time-related efficacy end points can only be retrospectively analyzed if patients having early dose reductions are compared with patients who continued on the full doses for several cycles. Time to disease progression was defined as the time from randomization to the first recording of disease progression or the date of death in patients with no evidence of disease progression. In total, 511 women were randomized in the study, 255 to the combination arm and 256 to the single-agent docetaxel arm. The baseline characteristics and treatment histories of patients were well balanced between the two treatment groups and are described in detail by O'Shaughnessy et al. [11] . Median age was 52 years in the combination arm and 51 years in the single-agent arm. The baseline characteristics of patients in the two subgroups (patients requiring an early dose reduction and patients continuing with at least four cycles of full-dose therapy) were also well balanced. Median ages were 52 (range 37-71) and 49 (range 30-74); median Karnofsky performance status was 80 (range 70-100) and 90 (range 70-100); 51% and 30% of patients were ER/PR positive, respectively; 35% and 28% of patients were ER/PR negative, respectively. The number of metastatic sites (1/2/3 or more) were 19%/19%/62% and 17%/13%/70% and metastatic sites were: lymph nodes, 38% and 45%; liver, 62% and 42%; bone, 54% and 42%; lung, 35% and 36%; skin, 24% and 38%. As defined in the protocol, all patients had received previous anthracycline-based chemotherapy (doxorubicin in the majority of patients). The safety population (all patients who received at least one dose of study drug) included 251 patients in the combination arm and 255 patients in the single-agent docetaxel arm. Patients randomized who did not receive at least one dose of study medication and for whom no follow-up safety information was available were excluded from the analysis of safety. In this case, four patients in the capecitabine/docetaxel arm and one patient in the docetaxel arm did not receive study medication after randomization.
dose modification of capecitabine and docetaxel
In the docetaxel monotherapy arm, the median delivered dose was 100% of the planned dose. All patients in the capecitabine/ docetaxel arm started the first treatment cycle receiving the full combination doses of capecitabine (1250 mg/m 2 twice daily, days 1-14) and docetaxel (75 mg/m 2 , day 1) ( Table 1 ). In the combination arm, the median delivered doses of capecitabine and docetaxel were 77% and 87%, respectively. During the whole study period, 65% of patients in the combination arm required dose reduction. Both agents were reduced in the majority of patients (51% overall; 80% of the 163 patients requiring dose reductions), while docetaxel only was reduced in 10% and capecitabine only was reduced in 4%.
Dose interruption of capecitabine occurred in 243 of the 670 cycles (36%) administered at the full starting doses of capecitabine and docetaxel. As discussed above, simultaneous reduction of capecitabine and docetaxel was the most frequent dose modification strategy. Of the 405 cycles administered with capecitabine at a dose of 950 mg/m 2 twice daily and docetaxel at 55 mg/m 2 , 96 (23%) were subsequently associated with capecitabine dose interruption. In 31 cycles, capecitabine was administered at a reduced dose of 950 mg/m 2 twice daily but with a full dose of docetaxel (75 mg/m 2 ), and 20 (64%) of these required subsequent dose interruption.
In the capecitabine/docetaxel arm 45 patients discontinued docetaxel treatment due to toxicity but continued on capecitabine treatment alone.
impact of capecitabine/docetaxel dose reduction on safety
Overall, a total of 1317 cycles of the combination were given. The vast majority of these (82%) were administered either with both treatments at full dose (670 cycles) or with capecitabine at a dose of 950 mg/m 2 twice daily and docetaxel at a dose of 55 mg/m 2 (405 cycles). The overall incidence of grade 3 and 4 adverse events occurring after both the capecitabine and docetaxel doses were reduced compares favorably with that occurring when full doses of both agents were used (Table 2) . Grade 3/4 adverse events occurred in 34% of cycles with the fulldose combination, compared with 17% of cycles in which capecitabine 950 mg/m 2 twice daily and docetaxel 55 mg/m 2 were administered. Specifically, when capecitabine and docetaxel were administered at the reduced doses indicated above, the proportion of cycles with grade 3/4 hand-foot syndrome, diarrhea, stomatitis or neutropenic fever were reduced compared with when the full doses of both agents were administered (Figure 1 ). In particular, the incidence of grade 3 hand-foot syndrome was substantially lower when the doses of both agents were reduced (occurring in 16 cycles compared with 45 cycles at the full doses). As shown in Table 2 , no difference in the overall incidence of grade 2 toxicities was seen with reduced doses of both agents. However, with fulldose versus reduced-dose capecitabine plus docetaxel, grade 2 hand-foot syndrome was 13% versus 7%, respectively, grade 2 diarrhea was 13% versus 6%, respectively and grade 2 stomatitis was 12% versus 7%, respectively. Few treatment cycles were administered with reduced capecitabine and full-dose docetaxel (31 cycles with capecitabine reduced to 950 mg/m 2 twice daily, and 14 with capecitabine reduced to 625 mg/m 2 twice daily). There was no apparent improvement in tolerability with these doses, but the small number of cycles administered precludes any meaningful comparison. Similarly, there were too few treatment cycles where reduced-dose docetaxel was administered with full-dose capecitabine for comparisons to be made.
impact of capecitabine/docetaxel dose reduction on efficacy
The impact of dose-reduction on time to disease progression was compared retrospectively in the subgroups of patients requiring early dose reductions of both agents (from cycle 2 onwards; n = 33) versus those who received at least four cycles of full-dose therapy (i.e. those still receiving full doses of capecitabine and docetaxel at the beginning of cycle 4, n = 53). The Kaplan-Meier curves for time to disease progression in both groups of patients were similar (Figure 2) .
The impact of dose-reduction on overall survival was also compared retrospectively in the subgroups of patients requiring early dose reductions of both agents versus those continuing to receive full doses for at least four cycles. The Kaplan-Meier curves for overall survival were also similar in both groups of patients ( Figure 3) .
In a similar analysis, there was no difference in time to disease progression (median 6.2 versus 6.8 months) or death (median 14.6 versus 15.0 months) in patients receiving full-dose capecitabine/docetaxel at cycle 2 (n = 164) versus those All AEs: n (%) Grade 0 (none) 87 (13) 110 (27) 5 (16) 8 (57) Grade 1 94 (14) 92 (23) 4 (13) 1 (7) Grade 2 260 (39) 136 (34) 12 (39) 3 (21) Grade 3 169 (25) 52 (13) 7 (23) 1 (7) Grade 4 60 (9) 15 (4) 3 (10) 1 (7) 20 16 original article Annals of Oncology receiving reduced doses of both agents from cycle 2 onwards (n = 33).
While time to disease progression and overall survival seem to be similar in the two subgroups, the small number of patients in each group does not allow definitive conclusions to be made.
discussion
The results of the large phase III randomized trial showed that the combination of capecitabine plus docetaxel is a highly effective treatment for patients with anthracycline-pretreated metastatic breast cancer [11] . The combination was significantly superior to docetaxel monotherapy in all major efficacy end points and is the only cytotoxic combination regimen shown to significantly extend survival compared with single-agent docetaxel. In the phase III trial [11] , the safety profile of capecitabine plus docetaxel was manageable, although the combination arm had a higher incidence of grade 3 adverse events (primarily hand-foot syndrome), dose reductions and treatment-related withdrawals compared with single-agent docetaxel. The current retrospective analyses of data from the phase III trial were conducted to investigate the optimal dosing strategy that would enable a broad population of patients with metastatic breast cancer to benefit from the high efficacy of the capecitabine/docetaxel combination.
A phase I study in patients with advanced solid tumors [10] established a 3-weekly dosing regimen of capecitabine 1250 mg/ m 2 twice daily, days 1-14, with docetaxel 75 mg/m 2 on day 1 in six patients who received 23 cycles of the combination. It might, however, have been prudent to treat a larger cohort of patients at a recommended dose to define tolerability across a broader group of patients. This is perhaps especially relevant when, as with the combination of capecitabine and docetaxel, formal phase II evaluation was not undertaken because of clear antitumor activity demonstrated in a phase I trial.
The results reported here highlight that dosing flexibility allows management of side-effects with the capecitabine/ docetaxel combination. All patients in the trial started treatment on the full starting doses of capecitabine 1250 mg/m 2 twice daily days 1-14 plus docetaxel 75 mg/m 2 on day 1, repeated every 3 weeks. During the study period, 65% of patients in the combination arm required dose reduction, with both agents simultaneously reduced in the majority of these patients (51%). Capecitabine alone was reduced in only 4% of patients and docetaxel alone was reduced in 10%. Cycles with reduced doses of capecitabine and docetaxel were associated with a lower incidence of grade 3/4 treatment-related adverse events compared with those using the full starting doses. This in turn led to a lower incidence of capecitabine treatment interruptions and dose reductions.
Although the numbers of patients were small, meaning that definitive conclusions cannot be made, early capecitabine/ docetaxel dose reduction (from cycle 2 onwards) did not appear to compromise efficacy. Time to disease progression and overall survival were similar in the subgroup of patients requiring dose reductions from cycle 2 onwards compared with those who continued to receive the full starting doses for at least four cycles of therapy. Although it may appear from the Kaplan-Meier curves in Figures 2 and 3 that reduced-dose capecitabine/docetaxel has an efficacy advantage over full-dose capecitabine/docetaxel, it should not be interpreted this way because a retrospective analysis cannot show superiority. However, the position of the curves does increase confidence that reduced-dose capecitabine/docetaxel is not less efficacious than the full doses.
The benefits of dosing flexibility with the combination can only be derived with implementation of effective patient management strategies to ensure appropriate use of treatment interruption and dose reduction. Patients should be educated to recognize the key side-effects of the combination, interrupt capecitabine upon development of grade 2 or more severe side-effects, and contact a member of their healthcare team for advice. Prescribing information for both capecitabine and docetaxel provides detailed guidelines for the implementation of treatment interruption and dose modification with the combination.
In patients older than 60 years, treatment-related withdrawals during the first two cycles were particularly frequent and were typically due to adverse events rather than disease progression [11] . This led to a recommendation that a 25% reduction in the starting dose of capecitabine (to 950 mg/m 2 twice daily) should be considered for older patients [11] . In addition, further refinement of the regimen with a 25% reduction of both the starting doses of capecitabine (to 950 mg/m 2 twice daily) and docetaxel (to 55-60 mg/m 2 ) may allow a broader population of patients to safely benefit from this combination, given that overall survival is not compromised by using a reduced dose of docetaxel in this regimen. A phase III study that evaluated a range of 3-weekly docetaxel doses in patients with metastatic breast cancer provides further evidence to support this strategy [16] . Data from this trial showed that 3-weekly docetaxel 60 versus 75 mg/m 2 had similar efficacy (response rate, time to disease progression and overall survival). A dose of 75 mg/m 2 docetaxel did not provide a significant benefit in terms of time to disease progression or overall survival compared with 60 mg/m 2 . This study also demonstrated that lower doses of docetaxel (60 or 75 mg/m 2 ) were associated with reduced leucopenia, anemia, febrile neutropenia, infection, asthenia and stomatitis compared with 100 mg/m 2 [16] . The early separation between the combination and singleagent docetaxel arms of the Kaplan-Meier curves for time to disease progression and overall survival, however, indicates that in the overall patient population there was benefit early in treatment with the combination [11] . The impact of using reduced doses of capecitabine and docetaxel during the first cycle of treatment in patients with metastatic breast cancer is currently not known. Several ongoing clinical trials evaluating docetaxel 60-75 mg/m 2 i.v. on day 1 plus capecitabine 825-1000 mg/m 2 twice daily on days 1-14 should provide further guidance.
These trials include the Mexican Oncology Study Group phase II trial comparing the efficacy of sequential capecitabine (1250 mg/m 2 twice daily) followed by a taxane (docetaxel 100 mg/m 2 or paclitaxel 175 mg/m 2 ) with the capecitabine/docetaxel combination (825/75) or capecitabine in combination with paclitaxel (825/175) in patients with anthracycline-pretreated metastatic breast cancer [17] . In an interim analysis, patients receiving the reduced-dose capecitabine/docetaxel combination (n = 71) achieved a response rate of 76%, median progressionfree survival of 10.1 months and 12-month overall survival of 82% with an acceptable side-effect profile. A lower dose of capecitabine (825 mg/m 2 twice daily) has been studied in combination with 3-weekly and weekly paclitaxel [18, 19] . Both regimens are highly effective in anthracycline-pretreated metastatic breast cancer (response rate 51%, median overall survival 29.9 months with 3-weekly paclitaxel and a response rate of 50% with weekly paclitaxel) and have demonstrated favorable safety profiles, with a low incidence of grade 3/4 adverse events. Two studies investigating capecitabine/docetaxel in the adjuvant setting are using a lower starting dose of capecitabine. A US oncology study is investigating four cycles of doxorubicin/cyclophosphamide followed by docetaxel (100) versus capecitabine/docetaxel (825/75) and a Finnish study (FinXX) is investigating adjuvant docetaxel (80) followed by 5-FU/epirubicin (75)/cyclophosphamide compared with capecitabine/docetaxel (900/60) followed by cyclophosphamide/epirubicin (75)/capecitabine (900). Interim results from the FinXX study have shown a manageable safety profile for capecitabine/docetaxel, including a lower incidence of neutropenic fever than with docetaxel alone [20] .
In summary, this retrospective analysis of the phase III study demonstrates that dosing flexibility with the capecitabine/ docetaxel combination allows effective management of sideeffects. Early capecitabine and docetaxel dose reduction is associated with improved tolerability and fewer treatment interruptions, with no evidence of loss of the efficacy advantage over single-agent docetaxel. Final results from ongoing studies will provide definitive data on using reduced doses of capecitabine and docetaxel in combination beginning with cycle one. Based on the analysis herein of reduced-dose capecitabine/ docetaxel and multiple phase II studies of paclitaxel or docetaxel in combination with reduced-dose capecitabine, reducing the starting dose of capecitabine to 950 mg/m 2 twice daily in combination with docetaxel is a reasonable strategy for the treatment of patients with metastatic breast cancer. In addition, a phase III single-agent study [16] suggested that there is no difference in objective response rates and overall survival between docetaxel 60 mg/m 2 and 75 mg/m 2 as second-line therapy for metastatic breast cancer. Therefore, it is also possible that reducing the dose of both agents may be appropriate.
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